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(54) ELECTRONIC CALIBRATING METHOD AND APPARATUS 

(57)Abstract: 

PURPOSE: To calibrate a net work analyzer (VNA) which 
requires connection of any two of its ports by providing 
VNA having at least a first port and a second port. 
CONSTITUTION: Frequency for carrying out a device 
under test(DUT) is applied to a computer 16. The 
frequency is so adjusted as to be in a mutual correlation 
with the previously measured frequency of the 
calibration net work which can be inserted. Then, to 
carry out calibration, the VNA 12 is loaded with the 
frequency, so that the VNA 12 is set up. Next, multistate 
electron transfer standard (MSETS) 14 is measured and 
on the completion of the measurement, error items of an 
error modem are calculated. After that, these error 
items are utilized to be converted into proper frequency 
for DUT to be measured. The VNA 12 is turned back to 
the initial state, the connection of the MSETS 14 is 
released, and the DUT is connected for measurement. 



Q 



ciu cjc oa 

op op a=> on 
o c a a 




http://wwl9.ipdL 2010/01/26 



<i9>b*»ww (jp) (i 2 ) & M& &Q;m (a) anmmmm* 

^7-198767 

(43)^BBB ¥^7^(1995)8^ 1 B 





(5i) intci. s itws3i#-^ f i ms^mm 

GO 1 R 27/28 Z 
35/00 J 



(21)ffl 



(22)mMB 



WiW- 110015 



¥j5ft6*F(1994) 5£24B 



isDmsm^mmn 066543 



(32) «fcB 

(33) «$fc»£3fc3g® 

(31) *5fe*fcl3SaW 

(32) flBfcB 



1993^5^248 
*M (US) 
15 6 2 7 7 
1^3^11^220 
#® (US) 



(71)tB«A 594085650 

n — 3pl/ — fry p 

ATN MICROWAVE, INC. 
y * U ^JM@W jx — y ^WOl 821 , 

-f:/ 11 

U^r^fflTlJ^a.— kty ^02173, 
(74)ftSA #H± SEE W6£) 



(54) BBW<B£«] W^fl^ttXtfSM 



(57) mm 




OO QO OD 
□ □ QD DO DO 
D D O D 




( 



1 

4>&< £ £>® 1 h £^2?K- h££^rr&* 9 F- «7 
■^<KiiS*S<DB5l5ii>>dC < ££> 1 -o<D#~~b&4>$-7 

Sute^^xT-" h K^fKin«iv<oiin a^>& < hio 

♦ T^^^1f^^iET^/c^©^& 

T :f ^ A If Z> taboyfim* 

[fi*^S3 ] ftofe^ ^ h 9-^ • Ti*^ if ©SifsBaS 

t S»*B 4 ] Jg$*(Dt*M§ £ fy IB X ir * ^« , 

C£*£tf, C£*W*<tT4fl»*a[ncEtt<D*^ h 

[is^is ] Sofa* ? F r ;-^ * r^^^ifcDmrifil^ 

^MT^f-;7\ *»C«*St£*^£-rs 
ffl5}<Ji4 CCgfitgtD* ? • Trf-5-f 1f*«iET4 

ra^tO. C£^#®£T^lfl^ 1 , 2, 3, 4, 
5CCK«J«D** - T^^^1f*«iE-r4ft:ai>tD 



C2) 7 - 1 9 8 7 6 7 

2 

M®2^F^i6n^>, c<t«:«Fai-rsai^ 

K 2. 3, 4, 5Kie»<D* y F- «7-£ • T^-ftf 

at?, C££^i*£lT£IS*3Il % 2, 3, 4, 5, 
6, 7 tela*©** h * T:f^-f1f£«jE-r£fc 

2, 3, 6, 7, 8CCSfij|R<0* * h • T^^^if 

mum i o ] wEaiftcDtiejBitt, 

3, 4, 5, 6, 7, 8, 9$C!ei£<E># y h «7-^ * T 
1,2.3,4,5.6,7.8,9 (ClBiSCD* ^9 

• r^?^if*^t-&fcab<zxsrffi (i 

t»*Bl 2 ] -rx Y<OT<OWX^m<D^^4 
^£, 

^ 2 h ^rSulB^ ^ h7-^7 • ^<D^ 1 

hSt>M2 hW:-f>^-^ x-Xf^ry ^£. 
\o *ffi?LZ>Z££mm±ir2>*mmi. 2, 3. 4, 5,* 
6,7,8,9, 10, 11 &CIB4£CD* • 7 

•Yif*«iE'r«fc«>c[>^rffi 0 

ftf^r^-C$.ot, Wl^h^ COM2 



3 

Ml tf- hJ&&M2#- YKLAZsZ-v ^-x-fhT.'r 

ME* v bV-9 • Tfy A If ©MESS 1 b RUM 
2 h CD 5 %<D#>tc < £ t> 1 h K:jBE» 2 ^ 

F S£«3*ifcJHiK»«lfflr 

lu IBI S8 WHO #14 * i'J3£ -T & & tb<D&M CO £ 31 iR 

s^-^EtK-r-s;*^? ^ 

-r*S»*3[l , 2, 3. 4, 5tCE*JM>*yh 
[IS**I 1 5 ] fuE* ^ h "7 — £ • T^"5 -/IfCCteW 

r»E*? h7-^ - r^^^ifcctews^fcccotirtf 

.2,3.4, 5, 6, 7, 8, 9, 10, 

l 1 fciEtt©* 7h9-^-rt7^ tf *«jE^ S fctf> 



< 3 ) Bl?7 - 1 9 8 7 6 7 

4 

r, sue* 1-7-^ • Tf-^jircoffimm i-F-bR 
ct%mwi±?&immi , 2, 3. 4, 

5, 6, 7, 8, 9, 10. 1 1 K1K«<D* ? h 
I^^^c7>^>^< low- b y — 9 * r 

20 ^>«cJ:orta5««3ti, ^orcco^KlE^W 

!RF»ifSai*«l 7^IB*g(Z)m- : ft5?iEr r ^WX 0 
[fS*^ 1 9 ] SuIB^U^^t-— hS-T-Ki^HS^IIJi. 
^a<4t2^©J|i«l|»ft^^9^iEK«jL. IS* 

SS^CCD^^iE^^VX^mFfB^ 1 h&^2 
^FO^^0lo<Dt-F4K«, CiWi 
T^>tS*ii 1 7 (CfBtSO^T^iE-rV^Xo 

immmz o ] wEwscDt«it4jBR'r s j: 5 

T ^> *Kfctt**c£ft»«£'$-* If 1 

7, 1 8^1BtKom^F-SiE^<^X 0 

[l»*g|2 1 ] Bf^CDtt«*^-T -S <t 5 CCfyfB^S 

•^^KiMccitAscis^ai-r^w*^! 7, 1 

2 2 ] If EWS®*JR(Ci£S Lr WEWIB« 

ttSiO-t^-tti^aEfcOriJEft 1 HSa c »2#- 
y 7 * T^^-rif<DaB^«:E»l/. fUT. -tC^6ifTE 
MUTS, C4««F«i-rsHI*5r2 0. 2 1fcBBO 

t»*5i 2 3 ] nrEiettoKtt». 

0 *»«tK»4«rSO, C4«:»«i^5B|*fl] 7, 1 
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8 . 19, 20, 2 1. 2 2 KEtt©«^«iE5vW 

[ If ^ 2 4 ] 8ME«»<Z>t*««U 
«8»<?>aBRS**«« 4 , 
0^5fc38ift«*S 4 , 

«^>b-^>xi^ C4£#t&4T&lf*3I 
17. 18, 19. 20, 2 1, 22 tCE*8(D*^«jE 

[m#m2 5 ] «TE1*»<7>t*L«tt. 1 b«IE*?T 

ff§3<JI 17, 1 8, 19. 20. 2 1, 22 £ClEt£<£>11 

[§§**f[2 6] mWd^J • rv^^&P I N 

[19^35 2 7 ] SEl7^>»-7^ ^px h V vy'fc 

^ffftKDffi^KSoeai^ -/ >$Cct oT «> % * ^ 4^c 
tcEi^S^RJE:?^ ^ x c 

^^^f- b m^mnmom i#-hKc«[S2#- 

KD^^(DlO(D^h«, ^Wft, WE*? h7- 
^ ■ T^^ -Y-5f<DfHB* 1 hR0 f *2 h (Dtti 

E** * T^^^-!f3Wa9*W«c«jE3tiSJ:5 

7, 18, 19, 2 
0, 2 1, 22, 2 3, 24, 25, 26, 2 7 tCgBiS 

T-teiSfiHUcDSi 2 h S *i& :a * # *0>te > # 

MlB-rX FOT^WAoJSB-r^VXiruID'fe^ £*(D 

mzm iw^f- h «^teas«m©aj82* 1 b 



C4) ^nfip 7 - 1 9 8 7 6 7 

6 

mie* ^7-^ - r±-> -f ifcD»waaBR$nfc#- h 

r -f > b* - y > * ffi ^^r';7* 

^cDMlE^>b'-^>xffl^s^trt?iB^^ by- 

WE** h *7~^ • T^-^-<lfCDliWBjBS!3tifc#- h 
10 *p6B9E» 1 ^Xf- h m^^lS«CDMIB— *<D 

HffllOtiffB— 75*<D3t?- h^ritulE* ? h y-^ • 7^~>-Y 

8»rE7#:/££, fjlEJgl v;^xf - hm^lsitS^ 
©ByfEHU bR&W2&- hCD^^CDftfeT?©^- h 

sulBSfl lv^^f - hS^FH^ttacDffiTEflto&cZ)*- 
h rMSOg&DO-Y > b*- y>X««r^j|R-J- £ x f » :/ 
20 4, 

WE»1 vj^xr- m-f-Kii*liS©«fE— 3ETCD#«- 
f-TSuEjfr l vj^xf- M^S»rIS(0^I 

*/S*ti/cHulB^<DW8IS:Stc LTWE* bV-5 

t ft *g 3 0] ^2 ^f-j- 
fttS^T-^rtot, -ec7>^ 1 7^- COM2 

30 m^-KiMflfficr)^ 2^-h k: 3 tl s 

mriE^2 v^xr- bm*&mmm<DWszmi f 

^2 h<2>5 ^<Z> 1 0(T)^- h £ftuBB* ^ h7-^ * 
Y*y^y 4 tf (DiJEiBW 3 txfc^ - h > ^? - -7 * - x 

ItSRStiteHttttttHTSirE* yh^-^-r^^-rif 

a?K(DBffE^ > b- y>^ii*»tc it, StrEffiSR-en 

fcHiftSWKHOJHiftRr, 8MB* ? F7-^- t^-> >f 

i»E*? F7-^ • T-^^^lfOBSEflliRSti/c^- h 
* s 6i»E»2 v^^x-r- h^^^ofylB-TSrco 

fggE^ 2 # - F cc8!TE^ 2 7jl/fxf - h fiSIS^ 
O^IE— h *S§B5r -5 ^ t- ^ y't . 



(5) 



1$5S¥7 - 1 9 8 7 6 



Sir iet£5S $ ft/t MIM&fgB cds^-t mfi a r # $ cowl 

[11^313 1 ] * ^ h 9 — £ • T^^-flf^SlE-r^) 

[If 3cm 3 2 ] «^KjE+ ^ r 1*. Jf AnJffefv'W x 

Stl^lOmrlB^ 1 h <!: y ^ (£> ^ £ £ & ^-f £ jffjfa 
§12 *~ r<h. 

Is 1 hSV»2#- T#y*5T&-? 

t\ g?ia^ 1 hso^2^ h^-en-^ti^^xcD 30 

mi FS0^2^- h****»2T#:/*r*o 

I 3 3 ] m SEW 1 ^xf-F ft^fcSHSifl 
085fffi» 1 f-&C«B2 r taiOttl^r^t 

(Dx^-f^IE^^tt^T^/c^CD, V7 h 9x7 * A 40 

^^-^*JE5c«*.sc<fc* £TM i -r £ iit^m 3 2 tc IE 

-9 * T^^^1f*«iETSfcaS>(D»2 v^^-r- r 

ftoigrs * >7 3? ^mflBH 1 vjl, ? x f - h I-tgili 
© CD <± ffl D * ?*T* * £ 3 * t> $ «r*tT SSfl 2 v;t^ 
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[0 0 0 1] 

(complex reflection coefficient) t v ffiil^^ 
(lav-loss transmission coefficient) jft^ 
t^CS (hiqh isolation condition) £3;^^ hy — ^7 • 

[0 0 0 2 ] 

•If" (VNA) tC45WSa!J5e(D»a (x^-) fe v -ecDV 
N A iC J: ^ r $^/cf;WX <D^FfiHH4 ( uncertai 
ntv) «ClB»SrSJ5fr. *tl6x^-*j£K^sc 4 

"So 

[0 00 3] * 9 h!7-^' T^5-f1fK:teW-Sa»J5£x 

^•BSciWjea^k ffifiJtt, V-XI^ (source 

match) . fCOffi) t^^ 0 

[0 0 04] V NAT rrXh^TOf^VX (device 
under test) J (DUT) (Xte, ^^h^O^NV 

x) cc^f*>tl*ai^<!f<D«5£^c*^l>T t >-^^a^x 

^n^> 0 C4lttVNA<D«jE*iii;r*s!E3tlS. 
[0 0 0 5 ] SffSfeKtB-Ctt, »o^©Kto©tt3ffiflftHR!|| 
(^M&tl— ^tltt (mechanical primary standard) 4 

Lr»6nrc^4) «iEBW<Dfca6CC, VNA02 

[ooo6] L^ua^e. DUT^itj^T^iiric, ie 

lltttC*tOTttiE<0^7*-^>^^x ^£ft£-< 

&M<D-Xmm mm.UW (verification standar 
d) ) SrVNA(C«tt^Sc<tK:cfc^r*$iE(DiEHltt* 



(6) 



SS¥7 - 1 9 8 7 6 7 



T%VNACCSEitt'rSCi*s , r*S 0 ilyXr 
[0 0 0 8 ] I£3n^2^ KDDUTtt, 

S-fe-^^ (sex) T*#>& e HP^, 10(J^^^|^ 
SC^oT, Rjigc^ (through connection) ^riti/.L. 
2#- h<DVNA#«J&Stt* 0 

reversible) 

ODUT« r#pAnJ*J TIMfciri («itt, r##ApJ 
HL iaftR*HffitifcJ&{CVNA02o©#- h * 
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»10T^**fc^TVNA%«iEt, ^C, »17 
IfTo CO»»rU rr^fti (adapter-re 

movai) j tLxmhnzm2<D&&x^m<Dt£wMm 

9 s C <D&ffiT?\Z±&<D r r ^ *3£8* ( adapter- 
swap) J 0 &&jE<DIEffitt^J: < , cniiB2S 
CJPH 3 3 ft % ^ o jy T tc8» 18 3 ft T C > 6 a 
[00 10] r^ApJffij DUTO*2©*frfy 

^^rattr*Dfl6©r3*^*3&S^X--^V F (wavequ 
ide) r&£) ^fit^flKf/UX (transitional 
device) £fix.£ 0 HligDUTiliJfiStC. itSW&DU 
T ic f ■/*> *i 5 fflmc o t, >T £>^,£ « , *J5E y^fA & R 
IET SOCCflJi > >4iM^> x r A 

CC^©DUT*#PA"r-SC <t#ST**«ct»C 
[00 11] ±KrK9Jt/c<fc5CC 4 VNAOStSeOx 
* ^'r)V (error model) <Dx^--flHRj&jfcSg*3"£ 



fn^^^tl/ct^ffi (termination) 

fSS£ (mechanical transfer standard) T*&& c fjoE^ 
y httSfc, ±8Br(tiWL/fcJ:5«c^J*A^I*eD 

[0012] VNAOyXfAKx7^tet§/^ 
10 CD1 2^x^-fgJE^ 7 ^;L'^t, i ^2^- USSJEtt. 

* fe i3fS W ScKiE^IH V h 2> ft »J5£ 2^ W A BJ f g& D 
UTOfcabcox^— flliE't^KZ) 1 2JRT^T£ri&5r$" 

s a v n a - h tc ssb s n*s 3 n^a # 

[001 3 ] WA^^c^^V^<D/c^<D^JE^SSc> - 
20 1 2JB*a^r5fctf>$c, V N A 1 1 2CDaK-F 1 1 

4, i i eic^ti^ti hcc3«) 

h»j£sns*/h6o<Di h <j®», Ha, 

tftlEmm 100, 102, 104. 106, 108, 1 
lOi, lo©JH8K(Bl©B) itiiSitS. 
[0014] a/c, ^JPApJte^^^tt, iWSStiS 

KSSftfcct^KVNA©*- hicgieti 
^CiMSit^ HP%, COS»jB, */jM 2CD- 
30 ^S«1 2 0, 12 2, 1 24, 1 2 6, 1 2 8, 1 3 
0 (02CDA) , RCXl 3 2, 1 34, 1 3 6, 1 3 
8, 1 4 0, 1 4 2 (H30A)#VNA0#-H 1 



1 44^VNA 1 1 2©§^ h 1 1 4W1 1 6^C^ 
S6c»«3^ flt*2^ h«iE3W«S«r— 

ft. *Lt, m^S^7^^(i (t^TVNA©^ 

*ta. ep%, ##PA^iffi©±2?i<-njaEta t 2 

>7^T 2 0«7y]gjlgM^a^ LTff ^ c 4 ^ Pilfer CD 

so [0015] Jg«c. J: DiEWa«iEOfcto&c, 



* 
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fe, #A^tBODUT©JE*«CD«jE«c»L/T, */M 
[0016] ±EO«iE*J*D^jaB, --Stc l o-§45 

iflfflivti (disconnect) . -e OTIhJ D^MgT^J<D*II?^ 
JE^gS<Z>#AaJ«6tc D U T r*^7 <DW3tBOf l 
UT**J5£T4fcdi>CCik/M 3 (D®a8&c>* 3 B©*Jffi3&s 

awe ttr y ^ * ^sfjg $ *sr»tc a » ti 6 a 



- en 



[ 0 0 1 8 3 JEK, SiE«>*«ficJ:or«*3<i4«iE 

liOO^^^LOg^MMi (disconnect) 
56 ^ CO M £r S x ^ - J9 £ x. 6 . 

[0019] fie*tt*©«jEo*»DKa&5<oStt. * 



C7) WRPf 7 - 1 9 8 7 6 7 
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[002 0]^t, WWRCDS^a. VN 
V N A *«jET Sfc»(D^ffiRtf*S«*H«-r 4 Cit 

a cc mm> T&ctt,c$am-§~2>i<> r tio x ^ - & -^m w k 

ffi*cu RiE*tf 5<3D«C4ej«ft!^iB4:jijE<5-r 4 

SE o fc&IE g t7t>tx 5ci#?t5 a 
[0 02]] 

^ -V ^ ^ COlA^^CDiS^ttCD^^ pJt^co v )l ? x r - 

[0 02 2 ]U ©SlJiWlCCfc^r. v;^xf-M 
^fe^tl^ (multi state electronic transfer standar 
d) tt, eSS^^>*aCrffiS«*3*lfclH»©-fe5 

oTJB * F) ;W7Xifcttl ( ^s- 

SWt-rSJ:^ 'J^x^^T^^nfi^ Etc. 
^ »7- F • ^rmcaaot, VJU^f-— F 
[0 0 2 3 ] 7*n^7vy;KDv;^xf - M^iii 
F^^^cD^S-f >t'-^>^ (complex impedanc 

&< ti> 1 o<z)#- f {cftjjtsti»* 0 ctiestoo^ 

>fc*— 1 F^KIE (one-port calibratio 

n) (DtctfrlC^ y bO — 5 ■ T ^ 7 -Y if CD^> ft < 4 fe> 1 

tC, ^2jJ<— hft.iE (full two-port calibration) 

-bimmi,, mm&mmmmmt:* v f «7-^ * y 

^ 5 ^ If CD 2 o<D* - F IH tc«« L 4 f(Z)2o(?)^h 
[0 0 2 4 ] *I^W<D±^CJff&(OSWaCXWj*Ji. 



« 
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[0 0 2 5 ] 

<D£|gte, VNA12i, #W*BIJBtt:j;&2#~ h • ^ 
JU*X:r- h*-fKS«* (MSETS) (multistate 
electronic transfer standard) 1 4 4, r?>b*^ — 
^$fJ®J^® 1 6 £ %^t? 0 3 > f.o. - £$(|@|J$gg 1 6 

«\ vna j 2^6a'i^?n/c7 :; -^^^ff-r^/c^> 

A 1 2£*j$PT£fc^<7X VNA 1 2-v<Dt : -£ * ^ 
>18£^t5> 0 #J5E»Wi*3fc. ^>^-7x-^23 
iMSETS 1 4t<DT$<T)mm^ J>2 2 Ctl 

^eyccKltStlfclWIiBrv^ h»?x7«c{foTMSETS 
*iWffll"rSCi*pI(BCc-r-&o Hie, =»>f*-^M|B 

£VNA 1 2*Cffl#&0#> 1 X«, MSETS 1 4tCfi 
C4SCS;g;£;h/t^ 0 

[ 0 0 2 6 ] *SH^<3DMS ETS 1 4 *CS* 

i$ ^OW7 y ^ ^ - 7" 1383 f £ HiilA <D T J 

Dl-Dl 6iDC7'0^>^tA'y^C4-C 1 

tet<DmMWcu->T:&m<DM:£(D-?<4trux h »; v v 

eS7^>Tl-T17(Cj;ot^nn^ 0 E?iJ 
(D, -tt Ay^C4-C 1 9 4 P 1 N#-f:fr- FD 1 
Dl 6 £<D&&'&t>m3L#7y> F2 7tC^gg (shun 
t) £*lTt>£ 0 DC7D^->^ - + t^'y^C4- 

ci9ii, ?'->^> F^fn-en©^vt- KD 1— D 

a&**Wfc*ji*r, B£k?J>T l-Tl 7^ s 10 

S )l (mi 1) ( #7 0 . 2 5 id m ) CDJW £ t?. ffflHififRV 
[0 0 2 7 ]i5^#lt^i, DC/W7XiS« 



C8) *SSB¥7 - 1 9 8 7 6 7 
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«6J Or— ^W£at;££;h& 0 tfrmt^mm 

©DC^-fT^litit R Fra-Ob . ^>#5>£L 1 4 
RFyt> F • t-t^>^C2i^RF^^U • 

* * hV-ZZMCX. ^TtKDP I N^-f tf- FD 1 
-D 1 6 (DT KflHfcWKlfeStl*. RF;W^ • 

* * h DCfi^4C!>fflSfPflB*i6W 
£ 0 ^fh(DPlN^^t-FDl-Dl 6fc, tti»7 

fd i — d i 6<ooi*rti*fe^ * 9- 

»7^>©SJ|ittf/c, RFft^iDC^T 
X«#4<0iaCD*BSftffl«r^f*. Otjy®, RF^-OU 
L2-L1 7S^>f>hRF + t^y^C 20-C3 
5*StrRF'W^*|§r»;££rir c 
t 0 0 2 8 ] H5fC*5^r, h 1 SO^- F 2 CD A 

[0029] MSETSit ^(Dtf- h 1 Rc>*2 <Z>Pt£ 

KC»fl«W3»4**tf. £17^>T2-T1 6 

OKS&CFiBB:, P I N^^t-KD 1-D 1 6©S<? 

^^H#l^5 0 3 4 7 0 8-9tCBtt93Sti/cat« (pr 
ime number) COjSffl*StC LT*5 0 . C^l^CC^Cfgffl 

<DA*#- h^6S^-T^- F^cD-^-ltSS^, ^cDA 
^f^*— h^6ffecT)t^m<D^cD^^^— F^CD^-Og 

40 L&Ltt&h, *IR»WcSE^4f6C0fi*(D|!B«fcfflii 
-Y>J 1 - J 1 6T?i*lSe-^S:*IJfBl"i-Sc4tC<fco 

tr-^>x^, ms ETS<Dffi-ft<D#- hm^n^ 

C4^r, 5tS*ra, v^^njftHKtt, 2 

^>rfflO*tl£*r^>'+> h P I N^V^- FD 
SO 1 - D 8 ROTSJryO* tM'y^C4-Cl 0 CD^f 4 ^ ^ 
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IsBB2Wt, £«7^>T10-T16i. 
^t>hPi N#-f KD9-D1 6&WByy<3!>** 
;^>£C 1 2-C 1 9^im cn6 2-oc7>lol?§ 

D C Ki*«<&iBl©gSBS J ORD^RF^V^ • * s» 

CTT1 0-T1 6^fiS7^>T9iCO0^tt^-5 

S7>f>IT16ifl< H T3«T15<bft<, T 
4«T14ci:fl<. T5ttTJ3<bfl< t T6ttT 
12ifL<, T7IJT11 £^L<, T8ttTl Oi 

*>*>p i n^*- fd i ^<D&m(Dmm&)&$ 

h 1 iPhP I N^*- FD 1 4^CDffifIcr>m^S$ 
£ c EJfiKC t - FD 3MD 1 6^~g^c 1 -97 

- f • ^vr^^»^- h 2ccftsn^d# 

M£^:£T£c £scj; ^r, a^^^t^F^7^9 
P I N^*- F**y^-^ • ^^T^3tiS<fc^«:, 

MS E TStDC>T*i#>c7)#- hiclo^©.!^^^ 

0i»7 ^ >^>D C 7 7^> FiCli^n-Ct^TOP 
1 N - F*S7 * 7- K • 'W7^3ti4i, 2 # 
- hMSETStt, h 1 £#-F2£©HHcS**0D 

TlT^TCDP I N^t- FD1-D1 6^'J;W • 
^VTX3ti&£, 2aK- FMS ETStt#- h i £# 

-C3«2 0 0 pFO-tf^y^>;^Wl, C4-C 
9« 2 0 0 p F + t^>5?>x^L, C 2 0-C 3 5 



C» «fM¥7 - 1 9 8 7 6 7 

16 

0. 762 mm (0. 030") <Z>ig£, T 1 = T 1 7 
= ft 1 . 5 5 mm ( 0 . 0 6 1 M ) , T 2 - T 1 6 = ft 
0. 89mm (0. 035 " ). T3-T15-S0. 
9 9mm (0. 0 3 9"), T4=T 1 4-ft0. 89 
mm (0. 03 5" ) . T5 = T13-ft0, 9 9mm 
(0. 0 3 9"), T6-T12^0. 8 9mm 
(0. 0 3 5"). T7 = T11 = Jfc5. 4 4mm 
(0. 2 14"), T8 = T1 0=&6. 1 7mm 
(0. 2 43"), T9 = 1 5. 9mm (0. 62 

10 7" ) *y^*-Ft*fio. 3 

8mmx$tf0. 38mmx^0. 127mm (0. 01 

5" xo. 015" xo. o o 5" ) ommt 2*- a 

(Di&tn&U 0 . 1 p FOyt>^y 3 > - 
[0 03 3] H6ttMSETSCC**ti4f r *P^;na|g 

3 nfcWfBre-^ 2 3ic^^r. »j®#-hj 1 - 
fflff # 2 3 3 ocoaHKflgcc a*pI*8& y > f > 

20 • H>^^-7^UK U2, (SN7 

5468) taot§i?^^ 0 #-y>h>- 

16b^; FTTLffi#ttJ**5ftTS<t 5CC^)sR$ 
tlSo ££>9- F&, {f#^>B0-B 1 5±^U1 
<DfcT>l— 7, U2<Dfc*> 1 U7CDb*>l-2tC 

*ti-eneassns 0 ui, u2aiyu7<Df>8tty 

^>F2 7«Cj6»Sh*. A^7^B0-B15© 
^ftol^TTLP^7 &<D^<{IZ X y > h> • 
TP-UK U2X£'SU7CD^jSTvT^m*^DC^^^ 
30 >FS#**tfE-rSffi*W»^-Y >B0,^B 1 5 T tCg§ 

flt-r-Scfc^tc-r^ ffi^w^-OBo^Be^iu 1 

0*ti-etl©b:>l 6-1 OKSBftSti. B7,-B1 
3 1 ttU2®*tl-en©bf> 1 6-1 OtefiSBfcSft, B 
1 4 a £B 1 S^ttU 7CD^n^n(Dt fl > 1 6 t 1 5 £ 

cc^gi^n^o co#- y > f > - t u-a>A*#- h 

oT. SE^W^^BO^B 1 5,^+5 0^)1 

40 y-Y F©(Wf»-5 ^ >^c^x e»ii^ 0 

[ 0 0 3 4 ] S6tC*5C»r, — it<06 8 y 

h7-^u3MU4^ ^-y>F>- ru-ui, 

U2, U7tDffl»li 7 '{>B0 1 -B15 1 i < Ml^T 
£V F«c<koT?I#ai3nf#S«i««:WPB'rsfca?> 

6 8*-Aj6t&"* v h 7-^ffl^B0 2 -B 1 5^cgd 
ggn, 5 0^;ix hQ/^TXf*J§gf$3 3 £ 

so IE«M3 3.SaM^7F7- 



17 

f/U5WU6(t A*-r*TTL«-#ec<feor3il9?3 

t0 03 5]H7tt, S£*cr>VNA*»C*5WS^^ 

2Ifx- : 7— fifJE^rxJl' (two-port, twelve-term error 
correction model) 3 5rfe^ c B7 CC*jtt-6#flB1f # 
£l#Wr£ 0 Mtt«jE3tlO-D*SVNAfCct->TfTfc 

n/csM**^. a tegmmmmmx* v n a K j: t?t 

1^62#-FMSETS*flt) CC*5#£«B£«:* 
U Rti'J/^^|Si h 2^62^ hMSET 

SOf=i>lf*-^W»*ai^ VNA<D?J<- hfc, «SJ 
03BS*> 64$»3&J5S!e*D"C* S»0*C[>|£aS*Ji ( transf 
er standard) ^r^^-^ o (EaS»tI« v ^£fcCD ^ > b* 

^^n, C W©iJ3£iJ:bRSti % *LT^ 

[0 0 3 7] $ hlC^m&iWlCfeS £ , &JE<DJEmk& 
ft, MSETSOW^r©#-hCC-^iL 

VNA©#-b^«--ftjKo^3&s i fi;*i 

$ft£<DT\ &JE&W&i&?&l>*Ftl(D5>tfJ* • x^^ 

5l>U DUT©*J3e<DiE*tt*l5l±-rsci3jr5Ittr* 

[0 0 3 8] Mtc, *JB#6?8Cc J: 4 i , tejE<D»E&&S|Sj 
±U fcrtt, MSETSiVNA i WIfft/hS© 
SNSfi^f , fltn>t"a-^ $fjffl} y P ^ ^ A # 

u- #©A#*i#Sii*r«ff.* ai6Mteffl»-r 

C^n^^^^^cDM *A*Jtk ##ApJ 

86) *>, «iE«>iEflltt*sSto4Cia<, ^SH^giJtiij; 



0°) WKPP 7 - 1 9 8 7 6 7 

atflW3><fcOC£. MSETS*C, Sll MC :a 

IttX-t^ (male to male) 3^^^S^^^-^ 
X (femaleto female) -en^CJ: 
~>T. S l M^4'i^DUT<D-r-<rcD#x.6tit#^#A^J 
^l^*»ATfI«6=i*^*<DpJIBtt*l¥*r*. *fc. 

[0 0 3 9 ] #Sj%B£<DM SETS <DW%:&m&M. « 
iECcMur, Jg«c*VNA^©S5itt^e«4JjS< ciO 

KflBSSrf A 4 C 4 *r * i C i 5. |g$c, n>e 
* - #*H»»B&Cf M SETSiVNAi CDIBOWR $ 

[0 04 0 ] i5Mi8^#Mlt, B7©121, 

& 0 aa^StiSDUT*s#APltB^-Y^r*Si#, 
1 -><D&- h (stf- h 2 ) mcD^^^^ 1204* 
l/T^2©^h h 1 ) xmcm<Dz3*l7 5<DJ 

X<D^*?$1 2 2*WrSH8«C*3tifc#AnI«BM 
SETS**, VNA<oaaft#- H6C««StiS. i8 

Rtf V N A <D# A 6 a * £ £ fiDBBSE^tc $ 
30 ^C^c, BKSti^il*., #ApJflfiMSETS 

[0041] *-r fc i 6 1 r v h • • vtm 
ev-Ti/ZjmmtAjjztip i n^-y^- kd i 5^ 

^i»^>t"-^>x*»AnJf6MSETSCD^-- h 
2 * lt#- h 2 «r»A nr*6M SET 

s©^- h 1 frhftm?z> 0 & 1 h 1 r-cDSijS 

aFtlfcJSMffift (S llB ) ^ri</ c ^cl7 02 
40 1 2J|'x^^ff|jT^:f ; 'JU3 5CD-7U- • ^'^y 

(flow graph analysis) fyhM&£ft& 0 ^1 i-C 

[0 0 4 2] 
[ttl ) 



Cut) 



- 1 9 8 7 6 7 
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0 



S nM - EDF + EKF 



1 - 



S 11A~ ELF Det[SA] 



^ S 11A~ ELF S 2 2A^ ESF ELF &et[SA] 

..... (1) 



CCT\ DettSAl =S 11A S„ A -S llA S 1 



2A *vaiit&2fa$ti&tt&wp>fr-c&z> l 

[0 04 4] 

Su M - EDF + EfiF : ..... (2) 



- ESF S 

FD 1 5R^D I 6*7* 7- F • ^-frmciK 
<fcoTjij&3ft, F2##- Fl ^6»«t3*i4 0 

«<D-f L/C FD 1 5MD 

1 6X0y>tt.< £i>{&<D#<{*~- FD 1-D 1 4(Dlo 

# r*>j o'<t*cc) glil5SitVNAicj:otij 

CiicJc^T. ^C2^^^^3 06Dx^-JI x — 
FJgffiJftEDF, 7*7^K5*th7^>^ERFR 
Z$v # 7 — F - V-^E S F^^ftKASsWife 
So ECC, F 1 r3^<£9^<<£^>b'-#>x$rj$ss 



11A 

itian least sum square fitting algorithm) £tf5 C 

[0 04 5] B5<DBtti*»»;r*£<DT\ F 2 T 

^-^jU*ie»»A"5IIBMSETS<0#- h2t7P- 
• ^7#«*ffil»Ti*ffi3*i;fc, #A"nJ«gMSETS 
<£>9J5£ 3 n/cM*f«^ S 2 a „ 
[0 04 6] 
[«3] 



S 22A~ ELS °et[SA] 



1 - ESR S 22A - SLR S 11A + ESB ELS DetDSA] 

(3) 



«MSETS©^F ItP I N**f*- FD 1 30* S3 fcfc£4 <D<fc Sfc&S. 
MD2^7^7-F-^^7^nc:itcj;^t t tff [0 04 7] 

S 22A 

— (4) 



S 22M ==: EDR + ER & 



1 — ESE S 



y-f*- FD 1SCT2M^< ife^-ftf- FD3 



22 A 

[0 04 8 ]S5M^6^ i702^-Fx7 



LT, ^4CD3O0x^-^31 v V^-J^lgffirttEDR, 



S 21M = EXF + ETF - 



sets ) fic*, w fifca««»«:f|-i- 0 

[004 9] 
[JK5 J 
S 21A 



ESF S 11A" £LF $22A+ SLF Det[SA] 

(5) 



[»6] 



so 



C12) WfflW 7 - 1 9 8 7 6 7 

21 22 

Sio M = EXfi + ETE — -MA 

1 - ESH S 22A - ELB S 11A + ELB ESE DetfSA] 

(6) 

&LS J1A = Or&£&65£^5#:iS7(DJ:5K:&&© * [005 0] 

S 21M= B X F (7) 

PMHtC. &LS 1!A - 0T*4&f l («6*SS8©J:5 58 [0 05 1] 

S 12M = EXR (8) 

1~D 1 6©-T-<-C*7* • ;^7^T4CiK nr. P I N^*- KD 1~D 1 B©-*-"<t:#t 

Jc-oxmm^n. ^^mcDm^mxmms ets * - /<-f7*$ftfctt»Ka*L*cft6©«jwwe3*i 

F 1 4#- F 2 4©|ffl{c?¥aE*-S 0 h i SCF4<- F 2tC*f*4 1 F • i7-i 

[0 0 5 2] ^t-FDl-D16©T^7*7 H, T^T ©P I N £ •Y K# U - TX $ 

-f • 'UTz.zfttctzicMmmms^vj&.vs hn^ic5r. #-f iM*--h2t--f>f-$' 

*JftS Stiffs. 20 - KfiM^E L FMV^'-^MS^E LR^9 

[0 0 5 3] I7©1 2^x5-^jE*7 r .>U£#JK-f £ i&tftSl 0^6ft»Stiff 

4, tfeSL^ifeS 11A , S„ A> S.aMSn.U, JfA"J [00 54 ] 

t£M S E T S <D7Z<D (original) Wfiktftt<Dm€&MMi<: IWiQ] 

ELF= CS nM -EDF)-(S 11M -EDF)(ESF S 11A )-EEF S 11A 

(S 11M -EDF)S 2 2 A -CS 11M EDDCESF Det[SA])-EEF Det[SA] 

(9) 

mio] 

ELR= (^M-EIMQ-CSzgM-EDBjCESB S 22A )-EBB S 22A 

Cs 22M- EDB)s HA- (s 22M- EDE)(ESK >>et[SA])-ERB Det[SA] 

(1 0) 

RK. P ] NjfYt- FD1-D1 6**lM-«-X ^7*9- Fj§M F 5 ? +>^E T F t V ;1-XS)I F 5 

i- i *>6a»<- f 2 ^©ftji«iffi4iw;Eu -e lt^ [0055] 

F 2-s©mii«^?:l'J«TSC:<t(Cj:or. xv-JI, & 

£Tp ^ (S 21M -EXF) [1-ESF S nA -ELF S ?2A +ESF ELF Det[SAJ] 

S 21A 

(1 1) 

imi 2 ] 

ETE= CS 12M -EXB) [1-ESB S 22A -ELB S nA +ELB ESB PetLSA ]] 

S 12A 

(12) 

W%. mi<D2^-Y ■ ■ 2«(017 50 -flHaoT^T tt. ±BBt9l<* fife* f- y * 



03) 
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[ 0 0 5 6 ] Wic s ±SBBtmStltcWE^%Tf £ £ , 

t s m$&tix . my^cotc^cm x^imco dut spsm 

[0 0 5 7 ] WSSnSDUT^WAnJtS^-Y^O 
*PAoJ|gMS ETStt, VNAO«IE©fcai><£> 
T#:7*££f&#iiLrffl^£ft& 0 C(D7^7^ (EI2CD 
AS^B<i:03©A&^B(D7^ 1 4 4 i»flat?* 

& Ut , ^;i/(Dtt w * f#r * tc ffiSte fg^T &ct 

6i0MSETSM'Sl — 3U 2&/Bi,>r*fc^$;h 

[0 0 5 8]±Kr»BJ!Lfc<t:5lC. Jlg^^^^F 
tt, SAnfttSETSi, tfX-** (male-to-mql 
e) Zi*9%t, JX-JX (female- to- female) 30 

MSETSS0fVNASW8f 5fc»©V7 F 
^7i t ifcfc&or*»AWUiMSETS 
**h*«rr. feiTtcttDiStiS^ffiKifciir, »AW 
IBM SETSii fcfcJBl* 6ft ST -£(7)n* 

OrfcSJr^fc:, 3M!R2ft£ 0 

[0 05 9 ] H9*#JH-r<5£ 4 VNAKS©«^3 

fir *s *cec*siir, #JSSft£DUTt*£<&tf-- 

hOSR&fC-* X©rJ^^^^ftl)o VNA###A"J 

CCL,)£fc*fttf&6&t*. nW&. B9<DB*#JKT£ 
^ff&T^VNA^a^TK^fir^O. -ecicteO 
r, S>IS§ti^>DUT^-ecD;j<- hOW^t^-XOrs* 

ffioT, VNAO#-HRW-h2 
CDP9^rcD^tl-etac7)r3 * £ £ l 24 1 2 6 i*-* XCD 

* £Gtff5j?££ft£ e 
[ 0 0 6 0] C CX\ 3HSSihS^Hf AnlffiDU T(7>fc 
*OVNA«r«.E-r*^s6*»?8-rSo Hi 0<OA*# 



W7 

24 



1 9 8 7 6 7 



Sftn>& 0 VNA©i»R3ftfc#- hife^-T^^A 

M£ft&„ Ml 0<DA&t&(,>r, VNAcD®fR£ft/c# 

— h*«7K— h 2 (1 16) ^ut^tiru^ 

U j8tRd*ifc#- h#s#- h 1 (I 14) r*r>Tt 

^>^^^u-^tcj:orig^$n^it>^^c^ci 
r. F«*cc«Wfcc>te»K:aglRSti4 0 yccc % 

lOOAtWJ:?^. »Aotf*MSETS«\ ^ 
ArVNA{Ctt«<7>R^<DjSS#»»ft^ASJ:9tC. 1 

l h • Ftctetf U-^a 5^2 
S^'S 4 scfUj u r ±iB8il8 S ft u - ^ a > i ri^ 

r*5. ffior, »A'5I86MSETS<0j»'O^<ir>y-f* 
b 2 tlo^©p/rf(7) ^ > tr- ^> ^ &c£te£ 

©X7-«EDR k ERR, ESR*»t»T4<3[>Ce:fflti 

[0 0 6 1 ]ilO(7)B *#«R-r&i , ^C, Jf A^Jfg 
MSETSti, a»ffiA"CVNA3&»6S!i»*!)lf*>ti, 

brr^^^^x,6firvN Aoiiic (^'- b l ) r 
vNA{c»*6§tis B «'J^$ti^>DUT<t urra 

D-fe ^^<Dri^^^ 1 3 OK CM 3 2^<)07^7^ 
12 8^ *A^MSETS*vh7-^iVNA(D 
h 2 4<DM«c#A3nS. gp%. ^lOCDBOC^^ 

n^cfc^^c, JfAoJt^MSETS 1 4RtfT£V# 1 2 
80^4r-F«:Sti3ffcllBtt 4 2WA15ItgMSETS 

^^t" a (SI 1 0<DB(CfeC>r^X-^ XT£V£#S— #(| 

i or^K^nrt^^, cn^DUT^oss©^- 

- b<DWiJil t C*X(Da*s? Z^-F^tt^-cg, VN 

[0 06 2]*^ T^'^OtfeSL^^y-^*^ MS 

WffiBrO*A^ttMSETS(DB^<DjR««»<t, ± 
ArcD#AnJtBMS E TSC[>»3E3^6*«Stifc l 

£ , 7 ; /7^ ©tigL^ < ^ ^ - £ [J;t(TOX f ^ yaffle > 
T?*S S fi 5t 2 SCJPSC 4 ic BB L r I^J L/cJ: 5 cc , 
»AuJfilM S E T S « 1 h - ^^^^^.-^ 3 

>^n, -ectc*j(r^rtt, lt!jiiBBr'gt'ftj«>5»«»*s 
MSETs^aometi, f itiiiA-c^^ 

^vna tc i: o r#js $ ti S^ffi b r J$A pjfifeM s 

E T S ic <fc -o X ^ h ti S«*D©S*f«»{c J: D sm® 

ArVNAicj:orrfj^^n>E>SS^|ftS 2J ' », 



♦ * 



(14) 



25 



^xmstiz, 

[0 06 31 



26 



19 8 7 6 7 



* [»13] 



* 



22 



*= S 



22A 



S 21A s 12A r B 

1 ' s UA r B 



•••• (13) 



SUftgfcT '$> 0 . r B umX "MM SETS cDg$*pcDJS» 

A rj?A PlfgMS E T Sector ^*.6*l£s!>&< £ 

S 11A . S nA . S 2aA , S ia *3&S£fcffiS*i»*. 7#V£ 
<DtB5L (reciprocity) ta^tS„ A ^S 12 ,if t< 

[0 0 6 4] ^1 3*#JR-rs. S„ A XS liA (D7'D^ 



S 23A -S 12A = (W) 1/2 <t&£„ L^L 

oe?rj#%f#^ e *ecc45ivrra\ M^roffio^t^^ 

[0 0 6 5 ] 
[»14] 



21A 



- S 12A ^(W) 1/2 - CiW|) 1/2 e~ J0/2 (14) 



[»15] 



S 21A^ S 12A^ (W ) 1/2 ^ UWl) 1/2 e - J ( e / 2 +^) 



ccx\ iwi =w<o*6asMt, e-w©ift 

(argument) % "C$>-5 Q 

[0 0 6 6] lot, S nA -S UA Offi^iEBiiC&Sir 
£/c3MC, ^^tt® (boundary condition) 3&Sfflt»6tl 

£<> Si 5©BD-CjELCHBA*»tefc»K:, 

S^*sn*fi^iffit^i<Dnr»5IStl4i± 1 8 0Jt 
<DRB<Z>{iffl (flift) £5?:/ (wrap) 

*sse3jaKWT*o e>nn^ 0 ( ip % . ft ^ ^ ^ x •? v 

» * C <!: CC J: 0 . ± 1 8 OffiQfEffl* 

2 

[0 0 6 8] H«^***Ofll[«ftlS«, Jg*6& 

tc&vmBcommcDmAjz. o^c^^cotuxmiR 

1 s 



30 



A^F 1 - AQ+AJ-F+A2F 



(1 5) 

★ ftt'f^7'M3ti^ > JB&»#± 1 8 0ftcr>*n 
^*^-©^*««t)»5l3n-5d:fl3ftK:3 6 Og^: 
flflnT&C&teJroT. «ft*T>^^^ (unwrap) T 
4 C i te <fc o T^itWftfflMfi** 5 I^HitC 

oft 6!ii< citcjro r oft ^om^com^m 
yy yztitcmmx, A/hwa*^ * ^ >* * 

[0 0 6 7 ] 
[Si 6 ] 

2 



(1 6) 



40 



- £ * It HEf 5Ci # pJfg-C & $ Q 
[0 06 9 ] #A pJffiM S E T S <Z>, KafifefttRJKR^ 

n scattering matri 
x) iC^$tl5 0 C(DJt«|fcSLvh i;^x«^cr>SC* 

[0 0 7 0 ] 



[» 1 7 ] 



22 



S 



s 



21 

11 
21 



21 



S 21 S 12~ s 11 s 22 



S 



21 



(1 7) 



(15) 



27 



sets (ommmi-s vw^u, nxmm sets 

mm a ^ (ommm* m% -r * 



# 7 - 1 9 8 7 6 7 
2S 

[ 0 0 7 3 ] 

mi s ] 



s - 



21 



11 



T ll*22- y 21 v 12 
*12 



11 



11 



(1 8) 



] 0OB^#it^ o »A WfifeM S E T S CD* y h 9 
^^^^^12 2(iVNA(D?K"M ( 1 1 4 )fc 
gti^ntt^Ot, VN A©$- h 1 CC>p ARftfe 

i^**Sftli a ffioT , 1 stf- h * K, JfattJKRV 
^MEttSiiC fet *T 5> a >T £#A pJ^M SET 

RO'l 2 6CC*JL^r»l6*l*. #fC, »A^I»SET 20 
Stt. H9 0AX«BtCSRSjhfcJ:5a##AoIliB<Z>JI? 

L/c»A^#gOSiEQ/c^Q^O^ r- ? r/^tf 5 J: 5 
fcjsM^-^a >§to£ 0 ^<7>@HC #A"5Jfi^MSET 

sso'7^7'^cDij»^n k fir, assays* 

»A"5JSBDUT3&s»Jj£6r>fcfetc»ASti4o «£or, * 
S3^^^#A"HJ*6DUT(O^0D* ?h9-^«7t 

[0 0 7 2 ]®! ] *#J|R-ri. *IKAH<Dft2^0I 
COM SETS 1 4 ' tc**n*v^^ni6BBH3WiSS 
tin**. »2S8t«iJMSETSO^U-^3>(0 40 

«MSETS*o<5 fc#>$C^ 5 ROl 6 T ^ U fc* 1 

itsftffil <t Hit u rm ^ 6 

[0 0 7 3 ] il 1 «C/=SS*ifc^-f ^DjfiSKtt, Jggfc 
CD^^^S^^X^ (sinqle pole, multi-throw swi 
tch) *gt?. Miii v 2o£>l£ft?4&;W v& 1 3 4 
Rtfl 3 6^elitl^ a *tt4«;W ^^l 34(D 

P- ( throw) 1 3 8, 1 4 0, 14 2, 14 4 
t. fS4!^-f^l36©§XP-]4 6, 14 
8, 150, 152itt, S3fcS>f>t-^{cg» SO 



£ft£ 0 WA.fr*, xa- 1 3 8 Ren 4 6fr£ffijg:£WM 

RCf 1 4 8ttlBttHI»«:»*l3*i, XP-142M1 
5 OSIMslBicSStt?^ XP-14 4KV15 2ii 4 
^Wtl. WgX^^l5 4roi5 6©i(po 
le) 1 5 5 KCfl 5 7&CfiStt3jh£o jp«55GSt* -f ? ^ 
154©xa-l58il60i, ^SSSx 4 
560^P-162il64iB l ^ft^n#S3&7M 

1 6 21*3 d BOHJEOWaiSCCjcorfflESSK^ti, 
*P- 1 6 0RUI 6 4WW tiW!m<Db 0*~J*<D 
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^n^tucK^rtuiB* v hy-z < r^^A^fco 

- If <D«FKSI 1 b feet CffliTE 

mriB^ y vv-v -T-r^yA -yomizm 1 
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HSCJ^tf*- hftjgfiSTS, KiEf^-fx. 
[If* 3 ! 1 4 ] ff^il 1 3 {CE*8<D;&jE?vnV XT'& 
oT s S£l7 ^? p ^ h y 7gl7 >^ 

^>iA^n k una*? Fy-^ - t^^^e^t-a 

» , Sv 12* 1 # - h *j J: fu IE* 2 sj* - h £ £ it? 1 5 
F?-# • T^7-f1f*H^«iL, ME** 

-en-eti. fiirE*? vv—>? * 

t^Cim, guiBv;U=FX7-- hlsiHS^<fcc> J HU 

BE=KJB*rjiuE* 1 h&£>'*2 h<Z>€-*vetU<:ffi 
fulE*^ h»7-£ * T^-^-/lf36sajttfl9*c«iES 
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